we have coined this as antistressors. Excessive levels of AGE and RAGE because of increased consumption of AGE, deficiency in the AGE degradative enzymes or receptors, reduced amount of sRAGE, and increased expression of RAGE would lead to AGE-RAGE stress. A shift in the balance between stressors (AGE and RAGE) and antistressors in favor of stressors, we have coined as AGE-RAGE stress. The ratio of AGEs/sRAGE has been reported as one of the important risk marker or biomarker for disease states.
13 AGE/sRAGE may be one of the most important determinants of AGE-RAGE stress. This review focuses on the AGE-RAGE stress, stressors, and antistressors. It also discusses the consequences of AGE-RAGE interaction and defense mechanisms such as degradation of AGE, downregulation of RAGE, enhancement of levels of sRAGE, and lowering of AGEs levels.
Stressors (AGE and RAGE)
AGEs
AGEs comprise of chemical structures such as N-ε-carboxymethyl-lysine (CML), N-ε-carboxyethyl-lysine (CEL), pyrraline, pentosidine, and argpyrimidine.
14 CML modifications of proteins are predominant AGEs. 15 AGEs are heterogeneous groups of irreversible adducts formed by nonenzymatic glycation and glyoxidation of proteins, lipids, and nucleic acid with reducing sugars. 16, 17 There are two sources of AGEs, in vivo, endogenous, and exogenous. Endogenous AGE formation in normal individual occurs slowly. Hyperglycemia accelerates formation of AGEs. 18 Endogenous sources comprise of glycation, polyol pathway, and glyoxidation. Glycation is nonenzymatic reaction of proteins, lipids, and nucleic acids with reducing sugars. 16, 17 In the polyol pathway, aldolase reductase or sorbitol dehydrogenase acts on glucose to form intermediary products which bind to proteins to form AGEs. 19, 20 Formation of AGE through glyoxidation pathway involves reactive oxygen species (ROS). Generation of superoxide anions in the mitochondria or redox-sensitive mechanism that generates hydroxyl radicals forms glyoxal and methylglyoxal (MGO). These agents react with different biomolecules to produce AGEs. 20, 21 Exogenous sources of AGEs include foods high in AGE content (red meat, cheese, crispy brown crackers, fatty cookies sweetened with sugars, cream, and animal fat), 22 cooking at high temperature in dry heat (frying, broiling, grilling, roasting, and baking), 23 and cigarette smoking.
24
In humans, there is a significant increase in plasma levels of AGEs within 2 hours following oral intake of single AGErich diet. 25 There is a positive correlation between dietary AGE content and serum/tissue levels of AGEs. 26 About 10%
to 30% of AGE (CML) is absorbed in the gastrointestinal tract and is delivered to the liver and other organs.
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Thirty-three percent of the absorbed AGEs is excreted in the urine and the rest accumulates in the body. 
65,66
Antistressors (AGE-RAGE Defense Mechanism)
The body is equipped with defense mechanisms to counteract the deleterious effects of AGE-RAGE stressors. These antistressors can be classified into two types: endogenous and exogenous.
Endogenous antistressors
Endogenous antistressors include enzymatic degradation of AGEs, AGE receptor-mediated degradation of AGE, and sRAGE. a. Enzymatic degradation of AGEs Glyoxalase-1 (GLO1) and glyoxalase-2 (GLO2) degrade reactive dicarbonyls prior to the formation of AGEs. Reactive dicarbonyls, MGO, react with reduced glutathione to form hemithioacetal. 67 The hemithioacetal is converted to s-2-hydroacetalglutathione by GLO1. GLO2 converts s-2-hydroacetalglutathione to α-hydroxyl and releases reduced glutathione. There is a downregulation of AGER1 by AGE-rich diet 83 and diabetes. 87 There is a reduction in both RAGE and AGER1 with consumption of low AGE-rich diet. Also, there is an inverse correlation between AGER1 and intracellular levels of AGEs and positive correlation between AGER1 and urinary AGE levels in nondiabetic individuals. 88 However, the levels of RAGE are high while Fig. 2 The effects of interaction AGE with RAGE or sRAGE. Interaction of AGE with RAGE increases ROS, NF-κB, VCAM-1, growth factor, and cytokines. Interaction of AGE with sRAGE counteracts the effect of AGE-RAGE interaction. ", increase; (-), decrease; AGE, advance glycation end-product; RAGE, cell bound receptor for AGE; sRAGE, soluble receptor for AGE; ROS, reactive oxygen species; NF-κB, nuclear factor kappa B; VCAM-1, vascular cell adhesion molecule 1; IL-1β, interleukin-1β; TNF-α, tumor necrosis factor-α; PDGF, platelet-derived growth factor; IGF-1, insulin-like growth factor-1. exists that administration of exogenous sRAGE would raise the serum levels of sRAGE which will combine with AGE, resulting in the reduced interaction of AGE with RAGE and hence reduction in pathophysiology of the disease.
Assessment of AGE-RAGE Stress
As mentioned earlier, AGE-RAGE stress is defined as a shift in balance between stressors and antistressors in favor of stressors (►Fig. 3). Measurements of stressors (AGE, RAGE) or antistressors (degradation of AGE by GLO1, GLO2, AGER1, and AGER 2), and sRAGE would not measure AGE-RAGE stress. A formula using all stressors and antistressors would provide a true AGE-RAGE stress. A ratio of AGE þ RAGE/GLO1 þ GLO2 þ AGER1 þ AGER2 þ sRAGE would provide a true index of AGE-RAGE stress. This ratio of AGE-RAGE stress can be determined in animal studies. It would be cumbersome to use this ratio in human beings. AGE and sRAGE can be measured in the blood samples from human; however, human tissues are required to measure the receptors such as AGER1, AGER2, and RAGE and that is not easy. We have, therefore, suggested that the ratio of AGE/sRAGE would be a simple and feasible measure of AGE-RAGE stress. An increase in the ratio of AGE/sRAGE would indicate a relative shift in stressors from antistressors, suggesting the presence of AGE-RAGE stress at cellular and organ levels. AGE/RAGE ratio has been suggested as a risk marker of disease process. 13 Increased ratio of AGE/sRAGE has been implicated in pathogenesis of restenosis following PCI 98 hyperthyroidism,
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and end-stage renal disease. 9 The sensitivity, specificity, positive and negative predictive value, and accuracy of AGE/sRAGE should be determined with large number of control and a particular group of patients. Using receiver operating characteristics (ROC) curve analysis, we have reported that the sensitivity and specificity of AGE/sRAGE ratio were 73% and 70%, respectively, in identifying patients with hyperthyroidism. 7 The sensitivity, specificity, positive predictive value, and negative predictive value of AGE/sRAGE ratio with optimal cut value of 2.75 were 84.88%, 80.95%, 94.81%, and 56.67%, respectively, in identifying patients with end-stage renal disease. 9 The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of AGE/sRAGE ratio were 100%,83%, 85%, 100%, and 91%, respectively, in predicting restenosis following PCI. 98 These values were obtained using methods described by Glas et.al. 143 The data suggest that the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the ratio of AGE/sRAGE in identifying the risk factor or predicting the disease condition appear to be excellent. The AGE/sRAGE ratio is, therefore, an appropriate measure of AGE-sRAGE stress. 
Conclusions
Stress is defined as a process of altered biochemical homeostasis produced by physiological, psychological or environmental stressors. In the present context, AGE and RAGE are stressors, and GLO1, GLO2, AGER1, and AGER 2 which degrade AGE and sRAGE are antistressors. Low levels of AGEs are due to reduction in the formation and consumption of AGE and degradation of AGE enzymatically (GLO1, GLO2) and through receptors (AGER1, AGER2). AGE-RAGE stress occurs when excess AGE and RAG are produced that could overwhelm the normal antistressors. In other word, AGE-RAGE stress is defined as a shift in the balance between stressors and antistressors in favor of stressors. Measurements of only stressors or antistressors would not provide an index of AGE-RAGE stress.
The ratio of AGE þ RAGE/sRAGE þ GLO1 þ GLO2 þ AGER1 þ AGER2 would be a true measure of AGE-RAGE stress. The measurement of this ratio is very feasible in animal studies. However, the measurement of this ratio of AGE-RAGE stress is not feasible in humans because one has to take tissue from human to measure RAGE and AGER1 and AGER2. We have, therefore, suggested that AGE/sRAGE ratio would be simple and feasible index of AGE-RAGE stress in clinical practice and for experimental studies. It is concluded that AGE/sRAGE ratio is one of the important determinants of AGE-RAGE stress. A high ratio would indicate a relative shift in stressors from antistressors suggesting the presence of AGE-RAGE stress that may partly be involved in the pathogenesis of numerous diseases and their complications.
